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Electromagnetic signals in deep reservoir are very weak so that it is difﬁcult to predict about the presence of hydrocarbon in seabed logging
(SBL) environment. In the present work, Mn0.8Zn0.2Fe2O4 nanoferrites were prepared by a sol–gel technique at different sintering temperatures of
450 1C, 650 1C and 850 1C to increase the strength of electromagnetic (EM) antenna. XRD, FESEM, Raman spectroscopy and HRTEM were
used to analyze the phase, surface morphology and size of the nanoferrites. Magnetic properties of the nanoferrites were also measured using an
impedance network analyzer. However, nanoferrites sintered at 850 1C with initial permeability of 200 and Q factor of 50 were used as magnetic
feeders with the EM antenna. Lab scale experiments were performed to investigate the effect of magnetic ﬁeld strength in scale tank. SPSS and
MATLAB softwares were also used to conﬁrm the oil presence in scale tank. It was observed that the magnitude of the EM waves for the antenna
was increased up to 233%. Finally, the correlation values also show 208% increase in the magnetic ﬁeld strength with the presence of the oil.
Therefore, antenna with Mn0.8Zn0.2Fe2O4 nanoferrites based magnetic feeders can be used for deep water and deep target hydrocarbon
exploration.
& 2014 Chinese Materials Research Society. Production and hosting by Elsevier B.V. All rights reserved.
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Currently, the control source electromagnetic (CSEM) method is
used for the detection of oil below the seaﬂoor in oil and gas
industry. Horizontal electric dipole (HED) antenna is usually towed
at 30 m above from the seaﬂoor to transmit the EM signals
underneath the sea bed. Receivers are placed on the sea ﬂoor to
detect direct, reﬂected and guided waves from the seabed. Guided/10.1016/j.pnsc.2014.06.005
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nder responsibility of Chinese Materials Research Society.waves from the deep target have very low magnetic ﬁeld strength
[1–13], whereas oil and gas industry require strong electromagnetic
signals with low signal to noise ratio for the detection of the deep
targets. Nanoferrites have been used in many practical and
technological applications, such as, magnetic devices in electronics,
optical and microwave devices, memory storage, waveguides,
isolators, permanent magnets, inductors, circulators phase shifters,
relays, sensors and antennas etc. [14,15]. Due to their better
magnetic characteristics, nanoferrites have been used as a magnetic
feeder to enhance the magnetic ﬁeld strength of the antenna. Spinel
ferrites with nanophase characteristics combine interesting soft
magnetic properties with rather high initial permeability and large
electrical resistivity [16]. Manganese zinc (MnZn) ferrites are oneElsevier B.V. All rights reserved.
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stable frequency behavior of the permeability with high saturation
magnetization [17,18]. Due to chemical composition and crystal
structure of MnZn ferrite, this material has high initial permeability,
saturation magnetization and relatively low eddy current losses
compared with other alloy cores. In order to synthesize nanoferrites
of MnZn spinel ferrites, various processing techniques including
non-conventional methods have been developed. However, each of
these techniques has its speciﬁc limitations. Non-conventional
techniques such as co-precipitation, thermal decomposition, sol–
gel, auto combustion, hydrothermal, self-propagating high tem-
perature synthesis (SHS) and other wet chemical techniques have
been used [19]. A sol–gel method is preferable because it is simple,
fast and cost effective as compared to other methods. The major
advantage of the sol–gel method is that it is easier and needs
inexpensive raw materials with fast reaction rate which resulted
better homogeneity and morphology of the ﬁnal product. It was
found that the magnetic properties such as saturation magnetization
of manganese ferrites depend on the chemical composition and
morphology of the samples as well [20,21].
MnZn ferrites were prepared at low sintering temperature
and were reported for medium frequency applications [22].
Meanwhile, the permeability of manganese zinc ferrites was
observed to increase with the increase of NiO contents [21].
The maximum permeability for Mn1xZnxFe2O4 was achieved
for Zn-ferrite with x¼0.25 [23]. Ferrimagnetic materials with
their nanostructured characteristics can be used as magnetic
feeders to increase the strength of the EM waves. Conventional
magnetic feeders (Magnetic frills or magnetic ring current)
which were constructed by a toroid coil on a ferrite magnetic
feeder have been developed and were used for the excitation of
wire antenna. Currently, nanoferrites have been fabricated in
the form of magnetic rings and been used for antenna
application as well. The antenna with nanoferrites magnetic
feeders were used to excite TM wave ﬁeld components (such
as Hϕ, Ez, and Eρ) of the EM waves. The phenomena included
magnetic ﬂux energy which was transferred from the magnetic
feeders to the current ﬂowing along the antenna and resulted
higher magnitude of the EM waves. Higher values of the initial
permeability of the nanoferrite with lower magnetic losses
resulted higher efﬁciency of the EM antenna [24–26]. Nickel
zinc (NiZn) ferrite has been used for the enhancement of EM
ﬁeld strength whereas manganese zinc ferrite was not used for
such application which has good performance over a wide
range of frequencies [27]. Akhtar et al. have used NiZn
magnetic feeders for deep target hydrocarbon detection. They
investigated initial permeability (106.23) for higher Ni con-
centration at the sintering temperature of 950 1C [28].
Manganese zinc ferrite has been customarily used for ferrite
cores and other applications where MnZn nanoferrite for
antenna application is still required. In this study, the magnetic
samples of MnZn nanoferrites were synthesized using the sol–
gel technique. Designed antenna and prepared samples of
Mn0.8Zn0.2Fe2O4 nanoferrite as magnetic feeders were used for
the enhancement of ﬁeld strength from the antenna. Two
antennas with and without magnetic feeders were also tested in
a built scale tank with a 2000 scale factor. Comparative studyof the curve ﬁtting and correlation values was also performed
to validate the experimental data.2. Materials and methods
2.1. Materials preparation
The samples of Mn0.8Zn0.2Fe2O4 ferrites were prepared by
mixing Mn(NO3)2  4H2O, Zn(NO3)2  6H2O, and Fe(NO3)3  9H2O
with 65% of HNO3. As-prepared samples were stirred for one
week and gradually heated until the gel was formed at 70 1C. The
sample was then dried in an oven at 110 1C for 24 h. The dry
powder was sintered in air at 450 1C, 650 1C and 850 1C for 4 h.
Sintered powder at three different temperatures was molded into
toroidal shape specimen by using an autopellet press machine and
ﬁnally sintered in a furnace at 1000 1C for 5 h.2.2. Experimental setup
X-Ray diffraction analysis was revealed by using Cu Kα
radiation(λ¼1.54056 Å) to determine the crystal structure of
manganese zinc ferrite Mn0.8Zn0.2Fe2O4 samples at different
sintering temperatures. Raman spectroscopy is a non-destructive
technique for the material characterization. The study of Raman
spectra provides helpful information about the phase and structural
properties of the nanoferrites. The Raman spectra for nanoferrites
sintered samples were recorded at room temperature in the
frequency range of 100–1000 cm1. The main purpose of Raman
spectra is to study the atomic vibration of Mn0.8Zn0.2Fe2O4 after
being sintered at temperatures of 450 1C, 650 1C, and 850 1C for
4 h. The magnetic properties such as initial permeability and
Q-factor of the Mn0.8Zn0.2Fe2O4 were determined by using an
Agilent 4294A Impedance Analyzer. A tank with dimensions
1.82 m 0.91 m 0.61 m was used as scale model. Tank was
ﬁlled with salt water having salinity approximately equal to sea
water to replicate the marine environment. Oil packets were placed
in scale model to represent hydrocarbon layer at different positions.
Modiﬁed aluminum wire antenna was used as source in the scale
model. Aluminum wire of purity (99.9%) having 1 mm diameter
was used for antenna and excited with 20 V peak to peak voltage
by a function generator. Three ﬂux gate sensors were placed in a
scale tank to get the magnetic ﬁeld response from the hydrocarbon
layer (oil packets) placed in a scale model. Magnitude versus offset
with and without Mn0.8Zn0.2Fe2O4 served as magnetic feeders.
Antenna was positioned through scale tank with the help of
moving setup to acquire the magnetic ﬁeld response. Magnetic
ﬁeld produced by antenna was detected by a ﬂux gate magnetic
ﬁeld sensor (Mag-03MSS100). Data was recorded with and
without oil by the decaport data acquisition system (NI PXI-
1042) as a function of source receiver offset. Fig. 1a shows the
schematic diagram of scale tank with hydrocarbon reservoir
whereas EM antenna with magnetic feeders used in scale tank
for deep hydrocarbon detection is also shown in Fig. 1b.
Fig. 1. (a) Schematic diagram of scale tank with hydrocarbon reservoir and (b) EM antenna with magnetic feeders used in scale tank.
Table 1
Comparison of EM antenna length and frequency for full scale and lab scale
environment.
Scale factor 2000 Full scale Lab scale
Low High Low High
Frequency 0.062 Hz 10 Hz 250 kHz 40 MHz
Antenna length 900 m 71 m 0.45 m 0.036 m
Table 2
Skin depth and phase velocity for full scale and lab scale environment
Frequency Skin depth Phase velocity
Scale Full Lab Full Lab
Low 900 m 0.504 m 353.56 m/s 7.91 105 m/s
High 71.18 m 0.036 m 4470 m/s 8.96 106 m/s
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3.1. Antenna length and scale factor calculations
Antenna length was related with guided wavelength whereas
antenna dipole length was related to the half of the guided
wavelength, and the value of antenna length was calculated by
the equation given below
λ¼ 2π
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
2=μωσ
p
ð1Þ
where σ, μ and ω are conductivity, permeability and angular
frequency of the medium respectively. Also the length of curve
antenna is represented as
λ
2
¼ L ð2Þ
where L is the length of dipole antenna. Table 1 demonstrates
the length and frequency used by antenna for full scale and lab
scale. The performance of the new designed antenna due to
economical point of view was investigated with scale model.
Full scale and the laboratory scale are related with n scale
factor [29] as illustrated in Fig. 1a.3.2. Skin depth and phase velocity
The attenuation of electromagnetic wave in different resis-
tive mediums is calculated by the skin depth (δ) and phasevelocity (Cp) using equations given below
δ¼
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
2
μ0ρω
s
ð3Þ
Cp ¼
ﬃﬃﬃﬃﬃﬃ
2ω
μσ
s
ð4Þ
where μ0 is the permeability of free space. Low frequency EM
signal decreases exponentially with the increase of distance by
a factor of ez/δ. Skin depth shows how far the EM wave
penetrates into the medium. The skin depth is larger for high
resistive medium and has less attenuation in low resistive
medium. The calculated values of the skin depth and phase
velocity for full scale and lab scale are provided in Table 2.3.3. Curve ﬁtting of the data
Curve ﬁtting of magnetic ﬁeld data was modelled with
MATLAB software to validate the magnetic ﬁeld data taken in
a scale tank and to get the best ﬁt degree of polynomial with
and without the presence of oil. Polynomial curve ﬁtting of the
data was performed using polyﬁt commands from ﬁrst degree
until 10th degree to get the best ﬁt of magnetic ﬁeld data.
However, basic curve ﬁtting tool was also used to get the
mathematical equation for the experimental data.
Fig. 3. Raman pattern of Mn0.8Zn0.2Fe2O4 at (a) 850 1C, (b) 650 1C and (c)
450 1C.
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4.1. X-ray diffraction (XRD)
X-ray diffraction patterns of samples synthesized by the sol–
gel method at three different sintering temperatures are shown
in Fig. 2. It was observed that the samples showed single phase
structure with good crystallinity at the sintering temperature of
650 1C and 850 1C. The average crystallite size of the single
phase powders was estimated by broadening major [311]
diffraction peak using Scherer's formula. The average grain
size at 650 1C and 850 1C is 64 nm and 166 nm respectively.
This shows that the sample sintered at higher temperature
(850 1C) has larger grain size as compared to that at lower
temperature which may be attributed to the crystallization
growth at higher temperature [30]. It has been noticed that the
MnZn spinel nanoferrites sintered at 850 1C have single phase
structure, and therefore sintering at 1000 1C will not affect the
behavior of nanoferrites.
4.2. Raman spectrum study
Fig. 3 shows major peaks of the powder sample ranging
from 150 to 750 cm1. At room temperature, three ﬁrst order
Raman active modes (A1gþEgþT2g) are observed. A1g and Eg
modes are due to symmetric stretching and bending of oxygen
atom with respect to Fe respectively, whereas T2g mode is due
to the asymmetric stretching of Fe [31]. Here A, E and T
notations show one, two and three dimensional representations
whereas g denotes the symmetry with respect to the center of
inversion [32]. In the studied Mn0.8Zn0.2Fe2O4 nanoferrite
samples, as the sintering temperature increased the particles
move closer towards each other, and gradually reducing the
volume of pore space between them, which is due to the
atomic vibrations in the ferrite crystal lattice. The existence of
the Raman shifts occurred in the range of 337–711 cm1
which is the conﬁrmation of the spinel phase at the said
sintering temperatures [33]. In spinel nanoferrites, the mode
623 cm1(A1g) represents the motion of oxygen at tetrahedralFig. 2. XRD patterns of Mn0.8Zn0.2Fe2O4 at (a) 450 1C, (b) 650 1C and (c)
850 1C.sites (A sites), whereas low frequency modes depict the
characteristics of octahedral group of the nanoferrites. Eg and
T2g are also represented and labelled in Fig. 3. It is observed
that disorder also occurs between Mn2þ and Fe2þcations in
the tetrahedral and octahedral (A and B) sites. The vibrations at
different frequencies can be exactly found out by distributing
the Mn2þ and Fe2þcations at the A or B sites [34].
4.3. Field Emission Electron Microscopy(FESEM)
Fig. 4a shows the morphology of nanoparticles of Mn0.8Zn0.2
Fe2O4 prepared by the sol–gel method sintered at 450 1C. The
particles agglomerate and the particle size is non-homogeneous,
which means that the sintering temperature for the sample was not
high enough to make the atoms occupy its lattice and create the
homogeneous structure of particle. While Fig. 4b shows that the
nanoparticles dimensions of Mn0.8Zn0.2Fe2O4 sintered at 650 1C is
in the range of 61–82 nm. The particles were agglomerated and the
sizes were more homogeneous than the sample sintered at 450 1C,
although a little porosity can be still observed in the sample
sintered at 650 1C. The morphology of Mn0.8Zn0.2Fe2O4 sintered at
850 1C (Fig. 4c) shows that the average dimension of the particles
is in the range of 80–180 nm. The average grain sizes for the
particular sample sintered at 850 1C exhibited increased grain size
as compared to other samples sintered at 450 1C and 650 1C. The
average grain size may affect the initial permeability of the
nanoferrite samples sintered at different sintering temperatures.
From the EDX analyses shown in Fig. 4, the evidence of
Mn, Zn, Fe and O is observed. No impurity is observed due to
high purity of the starting materials for the preparation of the
Mn0.8Zn0.2Fe2O4 nanosized ferrites. Table 3 lists the relative
abundance of each of the element which is comparable to the
theoretical stoichiometric values.
4.4. High resolution transmission electron microscopy
(HRTEM)
High resolution transmission electron microscopy was done
to study the particle shape and size at three different sintering
Fig. 4. FESEM morphology of Mn0.8Zn0.2Fe2O4 at (a) 450 1C, (b) 650 1C and
(c) 850 1C.
Table 3
EDX spectrum analysis (weight % and atomic %) of Mn0.8Zn0.2Fe2O4
nanoferrites at different sintering temperatures.
Mn0.8Zn0.2Fe2O4 nanoferritesMn Mn Zn Fe O
450 1C Weight % 22 6 47 25
Atomic % 13 3 30 54
650 1C Weight % 22 6 49 23
Atomic % 14 3 33 50
850 1C Weight % 20 7 50 23
Atomic % 12 2 31 55
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demonstrate the nanoscale nature of the nanoparticles of MnZn
ferrites. At 650 1C the average diameter of particle was 40–60 nm whereas the average diameter of the particles was in the
range of 110–140 nm in the case of sintering temperature
850 1C. It was observed that as the sintering temperature
increased the particle size also increased, which is in agree-
ment with the FESEM and XRD results, as shown in Fig. 5c.
From Fig. 5a, it can be seen that Mn0.8Zn0.2Fe2O4 nanoferrites
agglomerated at 450 1C and 650 1C, whereas at 850 1C the
samples of MnZn were well crystallized. It has been speculated
that the agglomeration of the particles may be due to the
permanent magnetic moment which is proportional to their
volume [35]. Therefore, it is concluded that each particle of
MnZn nanoferrites is agglomerated due to the permanent
magnetization occurring between them. It can also be seen
that the most of the nanoferrites are hexagone in shape, as
shown in Fig. 5.4.5. Initial permeability and Q factor
Initial permeability and Q factor are the important char-
acteristics to investigate the qualities of the magnetic materials.
Initial permeability depends on the bulk density, grain size,
homogeneity, porosity, morphology, spin rotational contribu-
tions and single phase structure of the nanoferrites [36–38].
The sample was formed into a toroidal shape with inner
diameter (D0) 0.25 cm, outer diameter (D1) 0.5 cm, and the
thickness of 0.25 cm. The value of initial permeability is
obtained by using the following equation:
μi ¼
2πLs
N2μ0t In
D0
D1
  ð5Þ
where t is the thickness of toroid, N is number of winding,
m0 is the permeability constant (4π 107 H/m) and mi
denotes the initial permeability (H/m). It is well known that
Zn2þ ions occupy B sites whereas Mn2þ and Fe3þ would
occupy A and B sites of the AB2O4 spinel structure [39]. The
variation in initial permeability and Q factor depends mainly
on the cation distribution (super exchange interaction) between
tetrahedral A and octahedral B sites respectively. Fig. 6 shows
the comparison of Q factor for MnZn nanoferrites sintered at
three different temperatures 450 1C, 650 1C and 850 1C. The
variation of initial permeability with frequency can also be
understood on the basis of Globus model [40–42]. At 850 1C,
the Q factor is 50.471, at 650 1C it was found to be 45.467
whereas at 450 1C its value was 24.614. Initial permeability of
the samples sintered at 450 1C, 650 1C, and 850 1C is shown in
Fig. 7 which represents the constant value of mi over a wide
frequency range of 0.07–6 MHz. The initial permeability
remained constant for such a frequency range up to some
critical frequency called as resonance frequency ‘fr’. The initial
permeability then increased which is attributed to the composi-
tional stability with better quality of ferrites prepared using the
sol–gel route. The sample sintered at 850 1C showed higher
initial permeability than sample at 650 1C which is due to the
larger sized grains and bulk density of the ferrite samples. The
grain size, bulk density and single phase structure are
responsible for the movement of spins and hence larger grain
Fig. 5. HRTEM of Mn0.8Zn0.2Fe2O4 at (a) 450 1C, (b) 650 1C and (c) 850 1C.
Fig. 6. Q factor of Mn0.8Zn0.2Fe2O4 at (a) 850 1C, (b) 650 1C and (c) 450 1C. Fig. 7. Initial permeability of Mn0.8Zn0.2Fe2O4 at (a) 850 1C, (b) 650 1C and
(c) 450 1C.
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ability [42]. The initial permeability and Q factor were found
to be increased with increasing temperature in all investigated
samples. However, due to better morphology, single phasewith good crystalline structure and better magnetic properties,
MnZn nanoferrite samples sintered at 850 1C are potential
candidates as magnetic feeders for the EM antenna.
Fig. 8. Comparison of MVO for straight antenna with (a) Three, (b) Two, (c) One
magnetic feeder and (d) without magnetic feeders in tap water environment.
Fig. 9. Comparison of MVO for straight antenna with (a) Three, (b) Two, (c) One
magnetic feeder and (d) without magnetic feeders in tap water environment.
Fig. 10. Comparison of antenna with magnetic feeders (a, d) with oil (b, e)
without oil on the left and right side of the receiver whereas (c) without oil.
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Magnitude versus offset (MVO) study was done by moving
the antenna in the scale model. The antenna, oil and salt water
were used in the scale model to replicate the seabed logging
environment. The moving setup was used for the antenna in
the scale model to ﬁnd out the better magnetic ﬁeld response.
Power diodes were also connected with signal generators for
the isolation of one source from the other as shown in Fig. 1b.
MVO is recorded by antenna alone and along with the
prepared Mn0.8Zn0.2Fe2O4 magnetic feeders. The representa-
tive MVOs are shown in Fig. 8. The MVO results of the
antenna with magnetic feeders showed that the magnitude of
the magnetic ﬁeld increased as compared to the antenna alone.
MVO study of the antenna with and without magnetic feeders
was also done in salt water as well, as shown in Fig. 9. It can
be observed that the soft magnetic materials were probably
more responsive for in homogeneities of this kind and their Q
factor was higher for such antenna conﬁguration. Therefore,
the oil packets were placed in right side and left side of the
receivers to validate the variation of the magnetic ﬁeld data forFig. 11. Curve ﬁtting of data with oil left to Rx-1 (a) without magnetic feeder
and (b) with magnetic feeder.
Table 4
Curve ﬁtting equations for 10th degree polynomial without magnetic feeders.
Curve ﬁtting of magnetic
ﬁeld data
Curve ﬁtting equations with and without the presence of oil
Rx-1 with oil y¼4.8e23x10þ2.3e20x94.6e18x8þ5.2e16x73.4e14x6þ1.4e12x53.4e11x4þ4.6e10x33.1e9x2þ1.4e8xþ2e7
Rx-2 without oil y¼1.1e23x10þ1e20x93.9e18x8þ8.9e16x71.3e13x6þ1.2e11x57.6e10x4þ3.1e8x38e7x2þ1.2e5x7e5
Rx-3 with oil y¼4.1e23x10þ1.7e20x92.9e18x8þ2.6e16x71.3e14x6þ3.7e13x55.3e12x4þ3.3e11x3þ6.3e11x2þ4.2e9xþ4e8
Table 5
Curve ﬁtting equations for 10th degree polynomial with magnetic feeders.
Curve ﬁtting of magnetic ﬁeld
data
Curve ﬁtting equations with and without the presence of oil
Rx-1 with oil y¼6.6e24x102.5e21x9þ4.3e19x84.7e17x7þ3.8e15x62.1e13x5þ7.5e12x41.4e10x3þ1.3e9x2þ3.8e10xþ3e7
Rx-2 without oil y¼1.1e23x10þ1e20x93.9e18x8þ8.9e16x71.3e13x6þ1.2e11x57.6e10x4þ3.1e8x38e7x2þ1.2e5x7e5
Rx-3 with oil y¼6.4e24x109e21x9þ5.8e18x82.2e15x7þ5.4e13x69e11x5þ1.1e8x4–8.4e7x3þ4.3e5x20.0013xþ0.018
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the change in the resistivity of the salt water and oil, the
variation in the magnetic ﬁeld data was observed. It is also
evident that antenna with magnetic feeders exhibits high
performance as compared to antenna without magnetic feeders.
Therefore, antenna with magnetic feeders was used to locate
the oil in the scale model. Fig. 10 shows the comparison of
antenna performance with magnetic feeders using oil on the
left and right side of the receivers. Consequently, modiﬁed
antenna with MnZn magnetic feeders resulted 233% increment
in magnetic ﬁeld strength with better oil location in the scale
tank.4.7. Curve ﬁtting of experimental data
Curve ﬁtting of magnetic ﬁeld data for both antennas was
also done using MATLAB Software in order to validate the
data and observe the difference between with and without the
presence of oil. Fig. 11a and b shows the curve ﬁtting data
with and without magnetic feeders whereas the oil location is
over the left side of receiver (Rx-1). Curve ﬁtting was done
from ﬁrst degree polynomial until tenth degree of polynomial
to get the best ﬁt of real data. The tenth degree polynomial
shows best ﬁts with real data. Table 4 shows the curve ﬁtting
data with and without magnetic feeders whereas the oil is not
present for the receiver (Rx-2). Table 4 shows the curve ﬁtting
data with and without magnetic feeders whereas the oil
location is on the right side of receiver (Rx-3). Polynomial
curve ﬁtting equations of the magnetic ﬁeld data with and
without magnetic feeders are shown in Table 4 and Table 5
respectively. Correlation values were also compared for the
magnetic ﬁeld data with and without the presence of oil by
using SPSS software. The correlation values also conﬁrmed
the oil location in the scaled tank. Finally, it is found that the
correlation values of the modiﬁed antenna show 208% increase
in magnetic ﬁeld strength with the presence of oil.5. Conclusion
Single phase MnZn ferrite nanopowders were successfully
synthesized using the sol–gel technique. FESEM and HR-TEM
analysis showed that the sample sintered at 850 1C exhibits larger
particle size within the range of 110–140 nm and having less
porosity. When the sample sintered at 850 1C with initial
permeability of 200 and Q factor of 50 is used as a magnetic
feeder for the enhancement of magnetic ﬁeld for antenna, the
magnitude of the EM waves of the antenna can increase up to
233%. Curve ﬁtting tool by using MATLAB Software was used
to validate the scale model data. Correlation values using SPSS
software with antenna and magnetic feeders also show 208%
increase of the magnetic ﬁeld strength. On the basis of above
mentioned parameters, it can be afﬁrmed that the investigated
MnZn nanoferrites with antenna may be potential candidates for
petroleum industry and communication technology.References
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